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$EVWUDFW $ PXOWLVHQVRU V\VWHP LV D FKHPLFDO VHQVRU V\VWHP ZKLFK TXDQWLWDWLYHO\ DQG
TXDOLWDWLYHO\ UHFRUGV JDVHV ZLWK D FRPELQDWLRQ RI FURVVVHQVLWLYH JDV VHQVRU DUUD\V DQG
SDWWHUQ UHFRJQLWLRQ VRIWZDUH 7KLV SDSHU DGGUHVVHV WKH LVVXH RI GDWD DQDO\VLV IRU




JDV FRQFHQWUDWLRQV IURP WKH VLJQDOVRI D VHQVRU DUUD\7KH VRIWZDUH WRROZDVXVHG IRU WKH
VLPXODWLRQRIDQDUUD\RIILYHVHQVRUVWRGHWHUPLQHJDVFRQFHQWUDWLRQRI&+1++&2
DQG&+2+7KH UHVXOWV RI WKH SUHVHQW VLPXODWHG VHQVRU DUUD\ LQGLFDWH WKDW WKH VRIWZDUH
WRRO LV FDSDEOH RI WKH IROORZLQJ D LGHQWLI\ D JDV LQGHSHQGHQWO\ RI LWV FRQFHQWUDWLRQ E
HVWLPDWHWKHFRQFHQWUDWLRQRIWKHJDVHYHQLIWKHV\VWHPZDVQRWSUHYLRXVO\H[SRVHGWRWKLV
FRQFHQWUDWLRQFWHOOZKHQDJDVFRQFHQWUDWLRQH[FHHGVDFHUWDLQYDOXH$JDVVHQVRUGDWD









*DVFKHPLFDOVHQVRUVUHVSRQGWR WKHSUHVHQFHRIJDVHV ,GHDOO\RQHZRXOGSUHIHU WRXVHVHOHFWLYH
VHQVRUVZLWKHDFKVHQVRUUHVSRQGLQJWRWKHSUHVHQFHRIDXQLTXHJDV,QUHDOLW\JDVFKHPLFDOVHQVRUV










LQFRPLQJ JDV VWLPXODWHV PDQ\ RI WKH VHQVRUV LQ WKH DUUD\ DQG SURGXFHV D FKDUDFWHULVWLF UHVSRQVH
SDWWHUQ7KHVHSDWWHUQVDUHWKHQIXUWKHUDQDO\]HGIRUWKHEHQHILWRIWKHVSHFLILFDSSOLFDWLRQ




UHFRJQLWLRQ VXFK DV WKH NQHDUHVWQHLJKERXUV WKH VKRUWHVW 0DKDODQRELV GLVWDQFH WKH OLQHDU DQG
TXDGUDWLFGLVFULPLQDQWDQDO\VLVDQGWKHPXOWLOD\HUSHUFHSWURQ>@7KHUHDUHPDQ\DSSOLFDWLRQVRIVXFK
DOJRULWKPVHJ IRUTXDOLW\HYDOXDWLRQRIIRRGSURGXFWV>@DQG LQ WKHDXWRPRELOH LQGXVWU\>@)RU





IRUGLIIHUHQW VFHQDULRVXVLQJPRGXODU VRIWZDUHSDFNDJH:H LQYHVWLJDWH WKH DELOLW\RI D VHQVRU DUUD\
ZLWK ILYH VHPLFRQGXFWRU JDV VHQVRUV WR GHWHUPLQH JDV FRQFHQWUDWLRQV RI &+ 1+ + &2 DQG
&+2+ 7KH VHQVRU VLJQDOV DUH DUWLILFLDOO\ SURGXFHG DQG WKH VHQVRUV DUH GHVFULEHG E\ VXLWDEOH






7KH ,*0VRIWZDUH ,QWHOOLJHQW *DV0XOWL6HQVRU 6\VWHP ZDV GHYHORSHG E\ WKH LQVWLWXWHV IRU











































WDVN DUHDV DERYHPHQWLRQHG IURPHDFKRWKHU VHH)LJ )RU HDFK WDVN DUHD DPRGXOHZDV FUHDWHG
ZKLFKFRUUHVSRQGVWRDXQLIRUPHVVHQWLDOVWUXFWXUHDQGFRPPXQLFDWHVRYHUDGHILQHGLQWHUIDFHZLWKWKH
RWKHU PRGXOHV (DFK PRGXOH SRVVHVVHV ILYH LQSXW SRUWV ZLWK TXHXHV LQ ZKLFK WKRVH E\ WKH RWKHU
PRGXOHV VHQWPHVVDJHV DUULYH DQGZDLW IRU WKHLU SURFHVVLQJ 7KHVHPHVVDJHV DUH GDWD SDFNHWV 7KH
,*0VRIWZDUHFRQVLVWVRIPDQ\PRGXOHVWKHPRVWLPSRUWDQWDUHUHSUHVHQWHGEULHIO\KHUH




 7KH VLJQDO HYDOXDWLRQPRGXOH ÄHYDOXDWRU³ DQG WKH VXSHUYLVLRQPRGXOH ÄVXSHUYLVRU³ FRQWDLQ WKH
ÄLQWHOOLJHQW³PDLQLWHPRIWKH,*0VRIWZDUH













HYDOXDWLRQ FRPSRQHQW :LWK WKH GHOLYHUHG VHQVRU DQG VFHQDULR GDWD WKH LQWHUQDO VWUXFWXUHV RI WKH
VXSHUYLVRUDUH LQLWLDOL]HGDQG WKHVWDUW VLWXDWLRQRI WKHPHDVXULQJV\VWHPDQG WKHVHQVRUV LQYROYHG LV
VSHFLILHG




7KHPDWUL[PHWKRG LV DQHZPDWKHPDWLFDO DSSURDFK IRU WKHHYDOXDWLRQRI VLJQDOVRI DJDV VHQVRU
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FRQFHQWUDWLRQRI DOO JDVHV LQYROYHGFDQEHGHWHUPLQHGZLWK VXIILFLHQW DFFXUDF\ ,IPDQ\ VHQVRUV DUH
DYDLODEOH ZKLFK DUH PDLQ VHQVLWLYH WR WKH VDPH JDV WKHQ WKH GDWD IXVLRQ LV FDUULHG RXW LQ WKH
FRPSRQHQWIRUSODXVLELOLW\FKHFN,IQRFRQFHQWUDWLRQFDQEHGHWHUPLQHGIRUDÄFURVVJDV³RIDVHQVRU
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UHVXOWV DQ HPSLULFDO IRUPXOD ZKLFK GHVFULEHV WKH VHQVRU UHVLVWDQFH DV IXQFWLRQ RI VHYHUDO JDV
FRQFHQWUDWLRQV7KLVPRGHOLVGHVFULEHGE\WKHSRZHUIXQFWLRQ(T
 E FEF6   
ZKHUHEDQGEDUHWKHFRHIILFLHQWV7KHVHQVRUUHODWLYHFRQGXFWLYLW\FDQEHGHILQHGDVDIXQFWLRQZKLFK
GHVFULEHV WKH VHQVRU UHVSRQVH E\ YDULRXV JDV FRQFHQWUDWLRQV $FFRUGLQJO\ WKH JDV VHQVRU UHODWLYH
FRQGXFWLYLW\IRUWRZJDVHVRI&+DQG1+FDQEHH[SUHVVHGDV





























WKH VHQVRU FRQGXFWLYLW\ E\ R[\JHQ DQG UHGXFLQJ JDVHV $W RSHUDWLQJ WHPSHUDWXUH WKH UHVLVWDQFH RI
VHPLFRQGXFWRU JDV VHQVRUV IROORZV DOVR GHSHQGHQW XSRQ JDV FRQFHQWUDWLRQ LQ WKH HQYLURQPHQW DLU D
SRZHUODZDVVKRZQLQ(T>@



























FEFEF6 DP  
:H GHYHORSHG D ORJDULWKPLF PRGHO RI JDV VHQVRU UHVSRQVH XVLQJ D UHODWLRQVKLS EHWZHHQ VHQVRU
FRQGXFWDQFHDQGJDVFRQFHQWUDWLRQVLQDPL[WXUH7KHVHQVRUUHODWLYHFRQGXFWLYLW\FDQEHH[SUHVVHGDV




WKH JDV FRQFHQWUDWLRQ RI  SSP LH LQ WKH SUHVHQFH RI FOHDQ DLU (T  VKRZV WKDW WKH VHQVRU




















FEDDFEDF6 DP  
ZKHUH D D E DQG E DUH WKH FRHIILFLHQWV $SSO\LQJ PDQ\ JDV VHQVRUV ZKLFK VKRZ GLIIHUHQW
FKDUDFWHULVWLFVWKHJDVFRQFHQWUDWLRQVLQDJDVPL[WXUHFDQEHHYDOXDWHG7KHJDVVHQVRUVXVHGLQWKH
SUHVHQW VWXG\ ZHUH ILYH VHPLFRQGXFWRU JDV VHQVRUV 7KH VHQVRUV ZHUHPRGHOOHG ZLWK WKH GHVFULEHG
PRGHOVDERYHPHQWLRQHG
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)LJV D E DQG F VKRZ WKH FRUUHODWLRQEHWZHHQ WKHPHDVXUHGDQGHVWLPDWHGGDWD IRU WKHJDV




$FRPSDULVRQRI WKHHVWLPDWLRQV LQ)LJVD E DQG F VKRZV WKDW WKHPRGHOVRI&OLIIRUGDQG
0RUULVRQ GHOLYHUHG JRRG DSSUR[LPDWLRQV IRU JDV FRQFHQWUDWLRQV IURP  WR  SSPZKHUHDV WKH
ORJDULWKPLFPRGHOGHOLYHUHGDOVRJRRGDFFXUDF\EXWIRUWKHFRPSOHWHJDVFRQFHQWUDWLRQUDQJHIURPWR


























7KH SXUSRVH RI WKH XVH RI JDV VHQVRU DUUD\V LV WKH H[SORLWDWLRQPXWXDO FURVVVHQVLWLYLWLHV IRU WKH
LPSURYHPHQWRIWKHZKROHUHVXOW%\H[LVWLQJVHQVRUDUUD\VRQO\WKHPDLQVHQVLWLYLWLHVRIWKHVHQVRUV
DUH RIWHQ FRQVXOWHG IRU WKH FDOFXODWLRQ RI WKH JDV FRQFHQWUDWLRQ:LWK WKHPDWUL[PHWKRG WKH FURVV
VHQVLWLYLWLHV RI WKH VHQVRUV FDQ EH XVHG IRU WKH DFFXUDWH FRQFHQWUDWLRQ GHWHUPLQDWLRQ RI WKH PDLQ
VHQVLWLYLWLHVDQGFRQVHTXHQWO\IRUWKHLPSURYHPHQWRIWKHVLPXODWLRQUHVXOWVVHHVHFWLRQ8VLQJWKH
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867     
867     
),663     
6HQVRUV 

7KH PRGHOV RI WKH LQGLYLGXDO VHQVRUV ZHUH FUHDWHG EDVHG RQ VLQJOH JDV DQG JDV PL[WXUH
PHDVXUHPHQWV7KHJDVVHQVRUVZHUHPHDVXUHGIRUHDFKLQGLYLGXDOJDVDQGWKHJDVFRQFHQWUDWLRQZDV
YDULHGIURPWRSSPPHDVXUHGIRXUWLPHVDWSSP$OHDVWVTXDUHVPHWKRGILW

















)LJVKRZV WKHVLPXODWHGJDVVHQVRUDUUD\7KHHQWLUHGLVSOD\DUHDRI WKHVFUHHQ LVGLYLGHG LQWR
VHYHUDOZLQGRZV7KHFRQILJXUDWLRQRIWKHGLDJUDPVDQGWKHUHDGRXWVIRUFKHFNYDOXHVWDNHVSODFHLQ




JHQHUDWHG ZLWK WKH KHOS RI WKH SURJUDP 0LFURVRIW ([FHO DQG VWRUHG LQ WKH UHVSHFWLYH ILOHV
VHQVRUQDPHGDWILOHV






















































)LJXUH  6LPXODWHG LQSXW VLJQDO SURILOHV RI WKH ILYH JDV VHQVRU DUUD\ 7KHVH VLJQDOV DUH XVHG WR
FDOFXODWHWKHPDLQJDVFRQFHQWUDWLRQV7KHFURVVVHQVLWLYLWLHVDUHJDVFRQFHQWUDWLRQVIURPWKHSUHYLRXV
LWHUDWLRQVWHS
7KHFDOFXODWHGJDVFRQFHQWUDWLRQRI WKHJDVHV LQYROYHG OLH LQ WKHEHKDYLRXUDUHDRI WKH LQGLYLGXDO
VHQVRUV7KHWDVNRIWKHSODXVLELOLW\FKHFNVXSHUYLVRULVLWWRHYDOXDWHWKHUHOLDELOLW\RIWKHPHDVXUHG
YDOXHV DQG WKH TXDOLW\ FRQGLWLRQ RI WKH VHQVRUV LQYROYHG GXH WR WKH VHQVRU VLJQDOV DQG WKH JDV
FRQFHQWUDWLRQVFDOFXODWHGE\ WKHHVWLPDWLRQFRPSRQHQW PDWUL[DOJRULWKPDVZHOODVXVLQJRI VWRUHG
ÄH[SHUWNQRZOHGJH³DERXWWKHVHQVRUVDQGWKHUHVSHFWLYHPHDVXULQJVFHQDULR7KHDUHDVRIPHDQLQJIXO
JDVFRQFHQWUDWLRQVGRQRWKDYHVKDUSERXQGDU\VRWKDWDVLPSOHDUHDFRQWUROLVQRWVXIILFLHQW
7KHUHIRUH WKHDUHDVRI WKHPHDVXUHGYDOXHVDQGJDVFRQFHQWUDWLRQV WREHH[SHFWHGDUHGHILQHGDV
IX]]\ LQWHUYDOV )X]]\ VHWV DUH UHSUHVHQWHG E\ PHPEHUVKLS IXQFWLRQ HJ E\ WUDSH]LXP IXQFWLRQ DV
VKRZQLQWKH(T)LJVKRZVWKHVKDSHRIWKHWUDSH]LXPIXQFWLRQ

)LJXUH6KDSHRI WKHWUDSH]LXPIXQFWLRQRIDIX]]\VHW)RU WKHSODXVLELOLW\FKHFNWKHJUDGHRI WKH























































WKH LQWHUHVWLQJ SDUW RI WKH LQIRUPDWLRQ RI D VHQVRU DUUD\ DQG WR IRUJHW WKH UHGXQGDQW SDUW RI WKH
LQIRUPDWLRQ 7KHPHWKRG SUHVHQWHG KHUH LV GHYHORSHG E\ ($'6&RPSDQ\ %\PHDQV RI WKH 3&$
DQDO\VLV RIWHQ  RI WKH LQIRUPDWLRQ IURP D ODUJH VHQVRU DUUD\ FDQ EH UHSUHVHQWHG LQ D WZR







WKH LQYROYHG VHQVRUV )URP WKH VHQVLWLYLWLHV D GDWD PDWUL[ LV JHQHUDWHG ZLWK ZKLFK WKH SULQFLSDO























7KH GDWD EDVH FRQVLVWV RI H[WHQVLYH LQWHUQDO WDEOHV ZKLFK FRQWDLQ LQIRUPDWLRQ IRU WKH VHDUFK
VHOHFWLRQDQGFRQILJXUDWLRQRIVHQVRUVDQGVFHQDULRV)XUWKHUPRUHWKHPRGHOHTXDWLRQVIRUWKHPDWUL[
URZV DQG FKDQJHV RI WKH VRXUFH FRGH ILOHV FDQ EH PDQDJHG DQG FUHDWHG E\ WKH GDWD EDVH )RU WKH









:LWK WKH FRPELQDWLRQ RI WKH ,*0VRIWZDUHZKLFK FDQ GHWHUPLQH JDV FRQFHQWUDWLRQV RI D VHQVRU
DUUD\DQGWKH3&$DQDO\VLVZKLFKFDQPDNHSRVVLEOHDTXDOLWDWLYHGLVFULPLQDWLRQEHWZHHQWKHJDVHV
UHFRJQL]HGE\ WKHDUUD\ WKHXVHUFDQRSWLPLVHJDVVHQVRUDUUD\V IRU LWVDSSOLFDWLRQVDW WKHFRPSXWHU
EHIRUHKHDSSOLHVWKHUHWRWKHDSSURSULDWHKDUGZDUH$QRQOLQH:HEEDVHGYHUVLRQRIWKHGDWDEDVHDQG
WKH VLPXODWLRQ VRIWZDUH ZDV GHVLJQHG ZLWK ZKLFK VHQVRU DUUD\V FDQ EH RSWLPLVHG IRU VSHFLDO
DSSOLFDWLRQVEHIRUHWKH\DUHDFWXDOO\EXLOGZLWKWKHDSSURSULDWHKDUGZDUH
&RQFOXVLRQV
$ PRGXODU PHWKRG RI PRGHOOLQJ JDV VHQVRU DUUD\V ZDV SUHVHQWHG 7KH PDWUL[ PHWKRG XVHV
IXQFWLRQDOLWLHV WKDW FDOFXODWH JDV FRQFHQWUDWLRQV IURP WKH VLJQDOV RI D VHQVRU DUUD\ )RU HDFK VHQVRU
SUHVHQW WKHUH LV D IXQFWLRQ WKDW KDV DV LQSXW WKH VHQVRU VLJQDO RI WKLV VHQVRU DQG DV RXWSXW WKH JDV
FRQFHQWUDWLRQRI WKDWJDV WRZKLFK WKHVHQVRU LVPDLQVHQVLWLYH7KHVHQVRU UHVSRQVHHTXDWLRQVKDYH
EHHQGHYHORSHGXVLQJWKHORJDULWKPLFPRGHOZLWKWZRFRHIILFLHQWV
$ VHQVRU DUUD\ RI ILYH VHPLFRQGXFWRU JDV VHQVRUV ZDV PRGHOOHG ZLWK WKLV PHWKRG IRU WKH
GHWHUPLQDWLRQRIWKHFRQFHQWUDWLRQRIJDVHV&+1++&2DQG&+2+)RUWKHVLPXODWLRQRIWKLV
JDVVHQVRUDUUD\WKH,*0VRIWZDUHZDVXVHG7KH,*0VRIWZDUHFDQFRQILJXUHDQGVLPXODWHZLWKLWV
PRGXODU VWUXFWXUH VXFK DQ DUUD\)RU WKH FDOFXODWLRQRI WKHJDV FRQFHQWUDWLRQV WKHPRGXOH HYDOXDWRU
ZDV SURYLGHG DQG WKH PRGXOH VXSHUYLVRU WDNHV RYHU WDVNV RI SODXVLELOLW\ FKHFN IRU WKH PHDVXULQJ
VFHQDULR7KHTXDOLWDWLYHDQDO\VLVRIWKHVHQVRUDUUD\VVLPXODWHGLVGRQHXVLQJD3&$DQDO\VLV
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